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] 9 milen 8., of Rouen, | -forward storé
1.2 St. Leu R. bank of R. Olse, | V.1 bomb sesembly] 12 | 1-10
d'Beseract 30 niles N. of Paris. | of meain units d
1.3 Troasy St. MaximinjL. bank of R. Oise, ‘Storage - .} 1-12
30 miles U. of Faris. | (Possibly oil)
1 .
1.4 Taverney , 10 miles ¥. of Paris. | Ball bearing 3 13
factory - SKXP |
1.5 Mentrichard Loire & Cher, 2¢ miles| Mmitions store - 14 i
£. of Tours.
1.8 Rochesorbon {R. bank of R. Loire, do. - -
’ is miles B of Tours.
1.7 8t. Prest R. bank of R. Bure 4 Petrol stores - -
ailes N.K. of Chartresq also mmitions
1.8 Raimbert 10 miles N.8. of v b - - | 1518
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This report desoribes nine underground places used by the Germans for
starags or ranufacture, all Lut one of whizh were establishad in existine quarry’

+-tumnels or minis., A partial survey of the 3%, Leu d/Esserent workings was made,

{

_sincy this place was subjected to air attmck, the results of whioh are discussed.
A sitetch plan shows the entrance to tunnels st Taverney, where §.K.f. ball bearings
were Ysing ade, and plans of a 7.1 bomb factory in an iromm mine in Luxemburg are
insluded., Brisf accounts of the remaining six places, which were visited in
passing, are given.

The report, which is acoompanied by 7 figures and 24 photographs, consludes
with a section in which are anslysed the thickness of overhead cover deemsd
adequate by the Germans, the minimum gise of bomb likely %o be effective in
causing danapge inside the tunnels when penstrating the surface over the tunnelled
area, snd the form of air attack which, as a remlt of exam’uation of the sites,
seems iikely to prove the most effective in each case. : :

1. JOPES O FLACES VISITED .
« 1.1 Orival ' X ‘ : ’

At Orivai, about nine miles south-west of Rouem at the fcot of a chalk cliff
on the banks of the Seine, the Germans were preparing what the local inhabitants
understood was to have been a wstors for V bambs. At this point the ..ills
terminate in a vertical oliff over 100 ft. in height, leaving a narrow ribbon of
land between the oliff and the river, approximately 100 yd. in width. A number of

" houses existed within 70 ft. of the oliff face and between them and the river ran

a road.

Th. Gerrzns, in order to exploit the existing caves, excavated the ground
between the houses and oliff to a depth of 3 to 4 £t. snd laid a concrete road.
The houses were left intact and the inhabitants allcwed to live in them. The
soucrete and all new work were hearily camouflaged in the normal manzer. The
workings, which could not be inspected in detall, caaisted of several headings
driven into a cliff. lany of them do not extend very far into the oliff and were
used for stores of petrol, ete. Protective walls duilt of 13X in. drick were
observed at the entrances to these short tunnels. In the entrances to the two
rmain tunnels, however, substantial rasonry walls adbout 6 ft. thick, meking dog~
logged esutrances had been sonstructed. These main workings could not be
ingpected 30 the presence or otherwise of further walls could not be ascertained,

1.2 8t, Leu d'Ssaerent
«l Suc=ary

This aite, situated in a limestons sscaryrment close to the Cise, was attackd
by & aixed foree of 200 Halifuzes and Lancasters ca ths nisht of 4/5 August, 1944,
In this attack, 5CO 1b. a:d Tallboy (4) daads wers used.

«15hough nuzerous "throuzhs! were odtaired into an upper saries of connosted
cviutels elose to an dntranse % was'found that these tunnsls weira not used by the
remanse e aly sorkinzs Rad been liitle affactad by tho tomtardmont and
et for snalling ab weak beliing planos 1itcls lamase atiri®atadle diroctly to
s vrorenld vy qlirivernd,

v
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b, Extrasts Crom lotes of 'Mr'cwumjr,ﬂ C.!.B, Bllnay, 0.2.k., m
.. sartain tarpgats bombad by Aember Command.

c. In%erpretatica report Mo, X 07(2; datod 27.7.44.

d. Notn on an axamination of sertain bombed targets in France
u03/418. ) ‘ o

In addition other geoloplcsl date were ava ilable, and intorpn!_:aﬂm from air
cover 4iad been made by Ministry of Aome Security, R. & X. Department (20.8.44).

.3 Site and general doicripﬂd :

The carriere (tunnelled quarry) used by the Germans is situated below the
caloaire grossier lupirlou'r 1n the caloaire grossier moyen et infdrisur, which
is o sofl medium-grained linestons, 8-10 m. thisk, in the westarn escarpment on
the barnks of the Otse, The escarpment at $t. Leu is somo 120 ft. hizh, and ths
entrances are spproximately 40 - S0 ft. above the floor of the valley.

The carrisre, originally started in the 10th cmtury for quarrying, was
used before the war for mushroam growing, The stratum worked appears to be ths
"bans 3t. Leu" which is a haogeneous compsct bed about 5 m. thicks hence the
grllories vary from about 3 = 6 m. in height. The quarrying was done o the
"stoop and room® system, Ieaving pillars 3 - 5 3. square. In most pleaces the
roof appeared to be scund and (ree from spalling. Vertioal shafts approximately -.
2 re. 6 in. in diameter were driven down %o the tunnels for wvent!lation purposes. ..
In addition to this series of tunnels, another and smaller series existed over the
southern half of the main galleries.

After 1940 the Germans used the lower caves for storing bambs, and ccustructed
& concrete road up to the lzalding point, together with a railway line running
parallel to the new road. Cantries were constructed to facilitate the discharge
of goods from the railway to road trucks, The railwuy and roads were hearily
canouflaged with wire netting covered with brushwoed.

In addition, before the earri;n wag used for V.1l bambs the whole floor was
ooncreted. Reinforced soncrete gun emplacements wers erected at the two
approaches (Fhotograph Ho. 1), and heavy conorete doors erected across the northern
or maln enitrance (Photographs No:s-2 and 3). -

The part of the carriere uged by the Germans was cnly a smll portion of the
whole- system, the factory being sealed off fror the main system by cement rubbdble
walls about 2 ft. thick. The total area was approximately 700,000 s3.ft. of .ot
which about half was taken up by colurns left in to support the roof.

There was also evidence in scme places {hat rubble walls had been built close
to the escarpment, where the cover was not so greast, to give greater protectica
So the rest of the factory. The-open-air vents, constructed dy the French, had
bean sealad off on the surface by concrete blocks, the open vent being replaced
b four smaller vants issuing out of the side of the dlock,

cor dotails cf the layouh of the factory ses 7igs., ) and 2.
+F  is3 of tiho tuanels
140 lowse levol “unnols wera uged (or the assembly of the main units of

(lying bombg,  Ths sempon nts werd brourht up by ratl and discharged into trusks
andsh fMnally frlaversd 5 into tho factory. Tho assembled flying bembs units

A8ro Sakon out b nicht en lorviss for transforsnee to the forward arsas. Ne
inlication of th~ a-ixlty of tha fackory coull Ye Mound.
Yha vergonns] erleyed tw tho Jarmans wors sald o huvo Peon Russian and

golitizal vrisenaes.
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to, on)./ 40 ft., 1us %o subsidmoe into the tep series «f tuansls over the first
3¢0 f%, Orom thy miransa., This subsidence ms of old data, as wore seviral

" ot smaller doprossions on, the top of tho oscarpment, The sover increased up

to about 80 re. u tﬁ tunnols ontered into the hill, .

8  Protnotirn walls . . .
o There was no indization of the use of blast or protective walls, other than
thoss whish had boon tuilt close to the edzs of the sssarpnemt, as already notoi.

Tho fastory was sadled from tho rest ot‘ the wrhro by 2 £6. rubdle mlls.
The, vontilation shafts word similarly sothd oft, leaving zridl sprroximatoly
5 . square, clou to roof level. _

The maian sn':nnco was proeocted by two cond concrete doon in stecl frames
each 15 ¢, 6 in. by 9 ft. by 3 £t. thick (Photoznphn Yos. 2 and 3). shere mas

o indication of any other doors. .

7 Att.ckl

Gn the nizht of the 4/5 Auyust, 1944, Bomber Cormand attacked the site with
230 Lancasters and lialifaxes mrryinv IOGO and 500 lb. bambs torether ‘with
11 Tallboys (n).

Numerous hits on the target aroa were cbtained by the 1000 and 500 1b, becbs,
but only one Tallboy (M) crater could be found in the visinity. The latter wes of
normal dimonsions (10C ft. by 30 £t.) bdut 1.% was not over the portien of the
carridre used by the Gomnl.

(-] Rnult of the nttuokl -

The whole area from the top of the escarpment to the river Oise was covered
with craters. Over the southern half of the factory area (whioh, it must be
remembered, is in the lower level tunnels) there were several “throughs® into the
upper level tunnsls. These are shown in detail in Fig. 2 and in Photographs
Yos. 5 « 8, It was evident that at the date of inspection (6 mnths after the
attack) they were of a very ruch larger site than they had besn when first made.
The aover near the escarpment at crater No. 1 was 24 £t., and at crater MNo, 4 it
wae approxirately 35 f%.

z It would seen likely that thc bambs fad burst aboro the roof of the upper

level tunnsls and blown throughe Lhere was also a wvery large area (south of

that used by the Germans) of subsidence into the upper series of twmnels. This
area wos not sxamined in detail hecpuse it was in a protsctive minefields The
cever over this section waz less than that already notod over tho romaining
prosition. There wore indications of minor subsidencas without any apparent trace
of bambs. It was evidont that this portion over the upper serios of tunnols was
ralatively unsale, sincc subsidences hnd taren clace nacurauy from time to timo .
in the past.

The floor. of the lower series of tunnols usyd by the Garmans was littored in
cortain places by anall aal large plocus of limestons. . An inspsction of tho roof
usually revealed somo weak bedding plane. It was impossidle to rolato those
ainor ralls to any sgacific bumbs, or oven to the bombin: a% all, since the Jormans
mad earried out oxtansive lomolitions by blowing up she remainlag flyin; bombs
vofors doparture (ses Photograchs Nos. 9 and 10).  The falls micht be attriturable
o the Vblast fran thy axplosion of those bomi's,

thothar or not % 389 Calls wora saus:d by bombs thewe woroe statad by the
“wvonch S0 have had litiule affost on work {1 tha tunmnels, which continuad norr-ally.
9 Cempar bion wish inberrataslion
Aot vesmotat b D Rhiba eyt had boersede o D000 e Lot
SR A A SRS O " P bt YDEU U TR0 Ly Y
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This was. l!'mml to ba the cays. Aa_upper series of turnels existed whish
had not Seen used hy the Garzans. “Throughs” had baem obtained fnto the upper.
level tumnels, but the blockazes saused were only losal,.and the damage was
sonfined to thass ‘isolated arsas in the upper level tumels.

-

.10 cmn}.@..

The attack showed that 1000 ib, bombs are adequate for caus.ag subsidences
and "throughs® into tunnels coversd with up to 38 ft. of top soil and limestons,
but that they are ‘ineffective against tunnels with 60 ft. of soft limestons caver,
To gain any success against a target of this nature Tallboy (M) bomds would have
%0 be used, and even these, apart from being dropped over thé mais entrances so as
to block thes, weeld be of limited uss, since in tunnel systems sa interscunected
it would always be possible to go round any local blooks and falls.

Tallboy (¥) should be fused to ensure mximum penetration befors detonstica -

- henoe 4here should be no objection to. using even 11 sec. delay. In any case,

however, it is unlikely that Tallboy (M) would pesnetrate far enough imto the 60 ft.
of solt limestons cover for seriocus blast effects from detonatiom to oscsur inside
tke lower level tunnels.

-1.3 Trossy 8t. Maximin

This open quarry, with old tunnel quarries below, is am the left-hand of the s
river Oise, nearly opposite St. Leu d'Ssserent.- A quick inspection was made when ..

. on route for the latter gite, during which no measurements were taken., Az shomn

in Photographs Yos. 11 and 12, very large diamster shafts, lined and'roofed with
thick reinforsed consrete, were deing construsted by the Germans through the
relatively thin limestene cover cver the top of the old quarry tunnels. The-
appearence of the work suggests timt large stcarage tanks - possibly for oil - were
to lave been inatalled.

1.4 Taverney (visited-on 2.3.45)

At Taverney, about 10 miles north of Paris, thers is s extensive systea of
quarries tumelled into “mitdle caloairs grossier" fram a double entrance on
level ground into a cliff face which rises to about 120 ft. at about 130 ft. in fro=
the entrance (see Fig. 3 and Photograph No. 18). The overhead cover samsists of
layers of marl and thin-bedded limestone. .

The Germans converted pmt of these tu:mell for use as a factory, and
transferred there plant fram the 3.K.F, ball dearing works in the south of Faris. b
There is no evidence of amy air attack on the Taverney tumnsls. It is understood
that at the time of the Allied invasicn the marufacture of ball bearings had been
started, but that the Germans destroyed all material before evacuvating Furis.

A brisf inspection of these tunnsls, which are of the high gothlo oross section
common to the Paris carriires, showed that the Germans had canstructed consrete
portals at the twin entrances (camouflaged by nettia:, now destroyed), and lined the
two parsllel main tunnels, which run straight in for two or three hundred yards
without any form of blast protection, with conorste for the first 130 f¢. - i,e.,
to where the overhead cover apprecsches 100 ft. At various places the omnexions
to side chambers and other tunnels had been walled up - poseidbly to regulate
ratural ventilation as well as to enclose the fastory arca. At se.oral ylaces in
the fastory araa there is evidence of fire (whi:h loial Frenoh said were oil firss
ia whizh the Gommans destroysd material). Thase fires, in scme cases had caused
spall-off and falls of rock from the roofs  fhe Fronch snid also that a tow mines
snd boody traps wers laoft in the tunnals Ly the Jermana, dut that Sheso wera
rsmoved by tha l.3¢ Army when the rumains of tha plant woere belng taisn out,

1.5  Umtrichard

.1 Lodation
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“She entrance. The Germans did not erect blast doors or traverses presumbly since
‘the existing deviations from the straight of the tunnsls at and beyond the entrance

:lnt September, after having attempted to blow up this arsemal on 20th August dy

| SECRET |
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whish sre in 500% lizeatone (“plerre de mnier®) are unierstood %n extomt for about s
8 m. “ader ths hills, the rala ea%ranse %o the porticn uesd by the Gerzans (see .
Photograph No. 14) belns, st 2 miles sast of entrichard, a few hundred yards up & ’
turning- to-the-north of road C.40. FPractisally all tuilding stune for losal use . ‘
is, and has been for csauturiss, obtained by quarrying in tunnels of thhw-sw.-_.,_:
tunnels being ussd subssquently for wine storage and the cultivation of miNN ‘f

A brief inspectica of the tunneis used by the Germans was zade on Sth Maroh,
1945, which ou arrivel of ths party, proved to be undor Franch military guard,
despite informaticn to the contrary from the military autherities in Tours. 3Iame
persuaaion was rejquired to gain admittance under escort, and sinse it was not
possidle in the ciroumstances to take messuréments, much of the information
hereunder should be sccapted with reserve, since it was obtained from losal Frenoh
oivilians.

2 Descriptim

The Germans utiligsed about GO,000 sq.:. of floor space and closed off the
ares by 1 m: thick rasonry walling in cement mortar. Substantial mascury plers
were built at places Lo shorten excessive roof spans,

The tunnels appear to run in haphazard directicus with frequent oross
connexions. They are rectangular in section, aversging 4 m. wide x 3 n. high,
and are not lined. There is access for lorries to s loading bay about 80 m. within

were deemned to give sufficiwt protesticm. i
The overhead cover isa'sut 20 m., thick at a point a short distance withia the

entrance, and risss to a muximm of about 40 n. (of which the upper 1E m. is clay -
see below). '

During the inspection the tunnels were cbserved to be still full of muaitimms,
both Gerzan and (doubtless captured) French. Bombs of medium and small sizes
(sucl. as 60 kg.) appear to praedominate, although there was much S.A.A., and
aumercus hand grenades were lying adout. A large stock of French 75 rm. shells
was noticed, it being said that thess tunnels contained as many as 100,000 of them.

3 Dmlieim

The U,3, troops arrived on Bth September, 1944. The Gerzans had left ca the

detonating bombs and sharges at various positions in the tunnels. At the tine

of our visit the resuliing roof falls and tumnel blocks were belng laboriously cleared
by Preuch oivilian warkers - a hasardous procsdure, since muniticns of all sorts

lay scattered about deneath rock falls. In a number of places the tunnels are
campletely blooimd, so a ccmplete tour cald not be made.

- N\ﬂ-“!M

As a result of the demolition explosicns several dlow throughs to the surfsce
ocourred. A large disturtance in the surface, which was said to be in a position
where the ground conasists of 15 m. clay, and then 20 a. of sait limsatcne adove the
tuanel roof, was inspected. The French said that in these explosions x3all bombs
wore olssted whizh, in falling bacsk, made small gplash oraters in Lhe vicinisy of
the main eraters. Thia is improdadles it is much morse likely that thase szall ‘

asuxiliary derrassions wers causad by ;ases from the sxplosions escaping under
sressure throuch flsswres in the ground,

ot ol shi

The sround surfacs ovar the tunnel arss ussd by the Carmans was rinesd with
Parbad wirs and yatrollad™at night by soldlers with Joza to keon off spias and ths
raquis, )

WA Searlugiong
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polns, pacraps 20 fv, from-a tunnsl, The resistance of Lhis vory 300% Limestine
is protably no geoatar than trat of very good shalk, ant sinza the obser7ad alfnnts
of Tallboy (X) ia tha chalk aoove %he extensize tunnelltay dme by the Jerrans ia
the Pas de.Calats arce (e.z., at Marquiso-Nimoyeoques and at Tizernes - sen roport
Yo, BRIWM/7.7 3 R.3,437) indlsate that-rool falls ogcur in tunnele when the ratius
is up to 20 (., it may be condluded that tumels in ground such as that at
Uontrichard, wnd with similar overhsad cover, could be blosksd by Tallhoy (M),

1.8 _ Rochsoortam
1 Degoriptimm

- Thess tunnels, at Vauvert, near Roshescorbon, which sre near the right bank of
ths Loire about 8 miles above Tours, could not be inspected inside owing €o the
absenos of the Prench military suard in possession of the key to the wooden
entrance doors, Conversatioa with cther members of the guard, and with local
French oi7ilians, elisited the following - '

The part of this tunnel systom used by the Cermans extends 300-400 m. into
the hillaide, -and conaists of thres straight tunnels which diverge fram the double
entrance. A cross rallery at the inner end ccunects the three tumels and is about
40 . long. The cross sectiom of each tunnel is about 5 m, wide and 4 m. high.
Lorries can snter a short distance as far xs a loading bay.  -The coverhead sover is
pearly all soft limestome. {"Pierre frisble", "pierre de maaier®, "pierre tendro®),
with very 1iitle top soll, the€thickness over. the tunnsls warying fram 30 to 3o m,

The Germans used these tunnels for storing bombs and other mmiticms ia the =~ 7°
sane wey as at Ymtrishard, walling off connexions to the rest of the very extensive ~/
system of tumiels. ZEarly in August, 1944, the Germans prepsred to demolish the
tunnels and their continta by placing at various points fourteen 1000 kg. bambs,
vired up ready for firing, each bomd being surrounded by 250 to 350 boxes
ootaining 500 kg. bombs (without detenmators). On 10th August, 1944, a Prensh
colmel, with the assistance of & local civilian (who imparted this informatica
to the investigating party) made a breach in the enclosing wall within the tunnels,
entered the German section, and removed the detonators ("dSssmorcer®t) from the
fourteen large bombs. This was not discovered by the Germans, their guards ia the
tunnels being kept well supplied with Vouvray (a local champagne) so that when they
tried to blow the tunnels prior to their final departure on 3rd Soptember, the
demclitica was averted. At the time of our vigit o 9th March, 1945, these tumnels
rewined stocked with munitions as left by the Germans. ‘

«2 Conoclusims

The entrance to tunnels uged for storing ammunitions, as at Rochesorbon and
Montrichard, sven without camouflage, weuld probabdbly be difficult to discover fram
air cover, sincs they are similar to.many thousands of entrances to caves and
tunnel: ia the very extansive trogloiite regions dordering the Loire river, and
the Vienne, Cher and other tributaries. ’

Air attack with Talldoy (M) would probably cause’ local blocks in the tunnsls
where the thickness of overhead soft limestons cover is less thaa about 125 ft.
(Notes this was not axceeded at the two places observed as havirz been used for
large muniticn stores by the Germans in this region). On the other hand local
blockages would not nacessarily put a large proportion of the depot out of astion.

Blast attack om entrances would not be likely to be eatastrophis; but blocked
antrancas weuld dolay ingress and egress of munitions until a new entrance hsd been’
mado through a suitadls unused tunnel - anm undertaking which migh% not entail more
thas a fav days work.,

1.7 . Fraat
L1 Daaotipsien
Vo Ua. dpast, whiich
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The storage seakicn.rohprisss onv straizht main tunnel 8.5 m. wie by about
5.6 », high restangular sectiocn, with =onoretsd floor, from whizh run side
rallories and bays of siallar size, piviag aa aversge tohal wiith of about £0 m,
Lorries could unload umier ‘sover insids the sntrance. ' :

In-the various side tunnels and bays there are about 20 conorete foundstions
meesuring approximately 15 ft, x 15 £+, x 1 £%. 6 in., having cupped recesses in.
the top which, local Premch eaid, supported large sluainium tanks, the latter having
been removed in lorries by the Cermans when they left. 8imee a quantity of
pressed motal auxiliary petrol tanks for aircraft were observed it is possible ‘
that the twficls were used principally as an aviation. petrol store.

Various Gerran mmnitions resiin iz these tunnels, inoluding crated and uncrated
80 kg. S.D: bambs, $.A.A., orated Sprengbrand ¢.80, B.1.B and B.2.3-8 incendiary
boubs. The lgtter appesr o be in a dangercus conditioms indeed, the loosl
gudarmse stated that lives had been lost through an explosiom which cccurred whem °
children were playing im these tumels after the Germans lefS (thers is & roof ani
wall fall nearby which has the appearsnce of having been caused by an intermal
explosion). (ne Tellermine (T.M.42 Stahl) was noticed.

nl“ entrance to these tumels is closed with barbed wire; though-not very
securely.

«2 Conclusioms

(- There waz no svidence of air attack am the vioinity. The thickness and
nature of the overhead oover are such that roof falls would probabdly be caused by
1000 1b. M.C. delay fuzed bombs.

.1.8  Baimbert (8. Plerre)

This forward V.1 bomd store, about 10 miles north-sass of 8t. Pol (Pas de
Calais), is approsched by a oconarete road about half a'mile long. That paré of
the tunnel system whish ocould be inspected consists of four tumels drivea into
rising ground (marly shalk), with oross galleriss (see Photograph ¥o. 18). The
sntrance tumnels, whish vary in width from 10 £t. 3 in. %o 8 %, 4 in. and in
height from 9 ft. 10 in. to 8 £t. 4 in., run straight into the hillside for abouk
86 ft., and are lined with ccnorete. The wall lining is of pre-cast sconcrete

bhoe:l 18 in. thick; &the roof is arohed, the lining being in-situ acaorete 18 in.
thiek. .

I Beyond the lined secticns all tunnels were found to be blocked by roof falls
which, according to local inhabitanis, were caused by the ramowal of timbering, since
the Germans left, by a ccal mining company for use aa pit props.

The overhead cover rises to about 20 £%. at 25 ft. from the entrances, and
is noi much more over the storage part of the tummels inspected where it was
estimated that there 1s sbout § ft. of top soil over 15 to 20 ft. of chalk.

The sita had been bambed, a direct hit having obliterated cne of the tunnel
entrances (see Photograrh 18). However, no hita appear to have been mcde over
the tunnelled area, the subaidences in the surface above almost certainly leing
due to the roof falls which occcurred on removal of the timbering. :

The inhabitants astated that the Germans launched the V.l bombs from a wood at
Farfay, about half a mile from the tunnels, that an appreciadle proportiom of the
bcmbs exploded soem aftor lauaching, and' trat launching site was Jomolished by the
Germans the day bafore the Uritish Aruy arrived in September, 1944,

1.9 Thil (zear Lengwy)
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The mine, the commereisl name of whish is "1a Wire de ls C.acessivn de
Tisrcelat & Thil®, was workv4d until March, 1944, whea it was taken over by the
Cormans. ) ’ .

o2 Desoription M
1 *

The Germans seb up the factery in a portion of the mine where the existing
gslleries were large enough for machine shops, $%e., the omly strustural work
involved being the laying of oconsrete floors. A plan of the layous !s showma in

‘Pig. 8, whioh together with Pigs. 4, 6 and 7 were prepared from plans supplied

by the Preach officials at the mine.

The outting 1seding to the sutrance, which has reiuforced retaining wmlls from
8 ft. to 3 £t, 10 in. thick by A2 £%, 3 in. high, 1is shom is Photogreph ¥o. 17,
and in Pig. 4. The reinforcement projecting from the sops of the refaining walls
suggests shat for a distanee of sbaut 90 &, from the entranee a reinforoed emorete
slad was to have been ccustructed over the top. :

Prom Pig. 7 it is evidaas shas i was intended ¢4 rua a standard gauge railway
track a distance of about 1500 m. into the main mtrame tumel to a transhijmmt
stasicn. The tumnel had been widened &t two plases for the constructiop of loading
bays, but owing, it was stated by the Freneh, to lmrried wark roof falls had
cosurred, gsusing “unnel blocks a$ bosh plases.

Seetimns through the mise are shows in Pigs, 4 and 6, whense it is eeen tiat --
the overhead cover waries from 36 £3, at the tumel entranee %o about 260 £f%. over -
the fuctory area. .

Inside the nsachine shops and storage gaileries items obeerved included drille,
lathes, milling machines, welding plank, grinders, paint sprayers, and various V.1
bamb such as wing sestions, pressed stesl bLody sestiocns, assembtled
tail unite, oompressed air spheres, warheads (without charges), and numerous
unidetified smll parts (Photographs Nos. 18 - 22). Other installations
obsarved were overhead ventilating dusts, scmpressed air and water pipes, asd
sleotricsity eables. . Rlectric pawer was said to be supplied by overhead cabdle
from Migeville, dut the key eleetric plant for thé area was at Pienne, 32 ky.
from Thil. No provisim for emergensy power supply was sesm in the mine.

There werc no protective doors at the tumel entrance, dut the greas length
of the approach tunnel, and She general layout of the galleries in the factory
ares would bave greatly reduced any blast effects in the Mstory from explosims .
in or near the tunnel entranse.

On the surface above the factory area of the mine work had been atarted m
nine vertical ahafts, the largest of those seem being 14 ft. 7 in. by 13 ft. 1 in,
section inside timbering (Photograph ¥o. Mz. The plan details of the top of
ancther of these shafts is shom in Pig. 4 (Photograph No. 23). These shafts
were slso being driven upwards from the tunnels delow, and falls had ocoourred at

same of them. It seems possible, in view of the single eatrance tunnel, that thease
large shaf'ts may have been intended, apart {rm veatilatioi, to augment the means
of ingress for raw materials and egress fcr finished products.

It was stated by the Fremch that no less than 80 of these shafts were projected;
but this should he ascepted with reserve,

In additicn to the 3 vertical shafts under smstruction & oampletsd stesl-linsd
inelinad (hute frva the surface jown to the tunnels was noted, This was used
for agrosatoes roquired for ccmerete work,
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4 Conzlusicas

Ths cover orar thns i’to:éry aroa and the reater part of the entrance %unasl is
muoh too thisk for panstrating bembs of-any tyss in cparaticnal use to hars -1usad

_ aay dezage in the tunnels.

In air attack on aimilar places there is the pnssibility of bombs falling

-down open shafts, and 1I" fuzed for locg delay (e.g. 1t s9c.) sericus damage might

result, However, in ths case of this faztory in the Thil mime, with its
uncompleted shafts and single entrance tunnel, at least & Samporary stoprage of
producticn would have resulted from blocking the entrance cutting and t'anel
portal, for which purpose §C0 or 1000 1b. M,C, or G.P. boabs would have sufficed.
“he entrances tumel itself was'probtably vulnersble to Tallboy (M) in the first 400
or 500 £, of its length, where the overhead cover is not excessive., Nevertheless,
the dlocking of the entrance would not have taken very laag to ecledr ~ certainly
not more than the 3 weeks which it took-the Germans to clear the Saupur railway
tunnel block (see Report No. BERM/P.12 * R.C.440)s noarecver, thers exist other
entrances to the mine which might have been adapted and used in an smergenoy. On
the whole, it would seem that air attack on-such unterground featcries where the
overhead ocover is invulnsrable, attention should be paid to entrances, access roads
and railways, and to sources of power supply (e.g., in this case to the Pienne
power station).

.5 (Qeological note on the ircustone mines at Thil

The Upper Lias of Lor;dno'contntnl s rich bed of irmstons which is worked

" over a wide area both in galleriss and in open quarries. The ironstone -formaticm

insludes, besides the mineral layer the Micaceous Marls (5m. =25 m.) above and
Upper Lisssic Shales with Pyrites below (1 m. ~ 25 m.). The formtion is
lenticular, varying omsiderably in thickness and in its constituent beds. At
1a ¢ Rouge it is 27 m, thick and 1s composed of five beds, all worked, making

"a total of 16 m. of mineral ore. At the other end of the Longwy Basin, near

Garsy it is not more than 4.65 m., and appears as & single bed. Geerally the
rock tends to I}_g}liuaoo\u in the west and~talearecus in the east.

The ironstons is present as oolitic graina and is ususlly exploited when in a
bed more than 1.75 m. thiock, containing 30 per cemt ira, with some latitude
acocrding to whether the non-ferrous mineral is calcium carbonate orsilicn. In
the Briey basin there are six beds, named from the top doewn, Red, Red, Yellow,
Grey, Black, Green. Usually only one Red bed is present, the Yallow may be
missing and often also the Black and Green., The Grey bed is the most regular and
is normally the thickest and richest. It waries in thickness frcm 1.80 m. to
9.60 m., and generally yields 30 - 40 per cert iron in 2 m. - 4 n. thicineas.
Richar heds are kxnown but they are the exceptim.

The_ironstone mines at Thil are galleries driven into the hillaide south-west

. of Thil to exploit that part of the fisld underlyirz Tiercelet. The suscessim

in this area is as followss-

Pliocens = 3) luds & gravels

Jurassioc = 2) Bajocian (averuge 50 m.) o) Saccharoidal & Coralline limestones

b) Colitis & erystalline yellowish or rust
soloured linestcnes

a) ilranular, shelly & sandy )-oillcmiah
limestonos with rarly intarcalations

Jurassie = 1) Upper Lias d) roey sad 5lus rarls
2) Limasiona
b)Y Calisis froaatona

\

A S



2. cOrLL3ICUS

The princigal ceinslusions to ba dram from this raport are with repard 4o
ths % ypan of uaderground places the Gormans usad for manufacturs snd storage, ths
thicinmass of crerheed cover in varfous soils whish were considersd adaquate, and
what form af air attack would be likely %o prove the most effectirm, Por this
purpose an acalysis is given in Appmdixz 4 (Tuble I),

At ssven of the-nine places inspected existing quarry tunnels had been adupted,
and of thase seven cnly ths relatively zmall munition and petrol store in the
chalk tuonels at 3t, Prest had overhead cover of a thickness likely to be wulnersble
to bombs in opsratfonal use smaller than the Tallboy (M) 12,000 lo.. Incidentslly,
the use of existing turmels Jas the additional advantage of making air cover
identification more difficult, partioularly in riverside localities such as
those bordering the river Loire and its tributaries, where all suitable sliffs
and hillsides are riddled with troglodite workings.

The 7.1 bomd fectory in the iras mine at Thil, in Luxemburg, may be considered
to bs proof apainst any bamb in so far as damage to the tumnels by bambs penetrating
the grownd above is otncernsd. In such a case it would appear that to attack
entrances, cormunications and sources of power supply is the only method justifisble.

In the case of =mition and oil stores with a penstrabdle tl‘zicknou of overhead
cover it zay well be preferable to design the attack with a view to bombs detamting ..
within the tunnels, rather than to cause spalling or tumnel blockages, For exampls
whereas a 1000.1b, M.C., or G.,P., banmb exploding in the ground above the St. Prest
tunnels would probably have caused & blockage, a 2000 1b. 3.A.P. bomb migut perforate
by impact, and even the comparatively srall charge should result in serious
secadary effects in view of the nature of thé contents of the tumaels,

On the other hand, the cover over tha muniticm store in the Roch¢corbon tunnels
is too great to have been perforated by tmsuct, 80 in this sase the cholce is
M),

between blocking the tunnels by Tallboy and attacking the entrance with smaller
bambs.
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APP:UDIX B o
L ——— “ . .
LI OF FPHTOCIAFLS - s -
No. Place Date Caption '\._\
1 | 8t. Lau d'Bsserant |[Peb, 1945 |Panoraza showing approaclhy road and ucu'pmt.
. .Joun emplacement om left,
2 | 8t. Tiu u %userent [Peb,1948 [lain entranse to lower level tunnels. The
actusl entrarcs seen is blocked, but there is
. another opsaing on the right (see Photo. ¥o. 3).
1 3 | s6. a2 sserent |Peb.1945 |Main entrance to lower level tuannels, showing
' svidence of hit on cliff face by small bomd
iwhich threw dow ons of the heavy conorete
doors (see also Photo. Xo. 2).
4 ! St. Leu d'Esseront [Feb.1945 [An entrance to the upper level tunnsls.
6 | 3t. Leu-diBsserent {Feb.1946 [Crater Ho.2. Subsidence %o upper level tunnels.”
68 | St. Lou d'Esserent |Peb.1945 [Crater Ko.3. Subdbsidencve to upper lsvel tunnels.®
7 st‘. Lou d'Esserent [Feb.1945 [Crator No.4. “ Subsidence to upper level tunnela.’ .
8 { St. Leu d'Esserent iPeb.1845 [Crater No.4 Subsidence to upper level tunels.”
1 .
9 | St. Leu d'Essermt {Feb,1946 |[Trolleys for V.l bombs in lowsr lovel tummels.
10 | st. Lou d'Esserent {Feb,1945 |[Roof fuil ato V.1 domb inside lower level tmk;
caused by enemy demolition.
11 | Trossy-Maximin Pab.1945 |[General view of shafts under construstion.
. Note shallow depth of cover over tuunels.
12 ! Trossy-Maximin Peb.1946 [Close=~up of shaft showing reinforoament beliug
* erested for thick reinforced conocrete walls and
roof, suggesting an underground storage tank.
13 | Tavernay Mar.1945 |Twin entrances to the tunnels used by the Gomnx
for S.K.F. ball-bearing manufacturs.
14 | Nomtrichard Mar.1945 |Sntracce to munitiom store, partly demclished
: by tho Gormans by internal charges which blew
thrcugh to the surface above.
15 | Raimbert Mar.1945 [Two of the four ontrmcu to wmderground V.1
(St. Pierre) bamb store.
16 | Ra3 srt Mar.1945 |Usderground V.l bemb stors. The entrance on tha
(St. Pierre) left was demolished by a direct bomd hit.
17 | Longwy (Thil) Var,.1945 |Entrmos ocutting, showing conerste retaining
) . walls, and tunnsl sritranse to irom mine used by
Germans for V.l bamb facstory.
18 | Leogwy (Thil) Var.1945 |[End of electric railway at adout 2 km. fram
entrauce, a% becinning of V.1 bomb factory araa,
13 | Loagwy (Ihil) var 1945 Pachine shep.  Noate unlined twanots,
SO Ly \;‘\ll) S l0ho (V. Tomd o tail uniss,
APy 1) P R R O e R e N R
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Caption

Longwy (Thil)
Lapgwy (Thil)

Lagwy (Thil)

Yar,194%

 Mar.1945

Mar.1945

|zop OF -nearly completed shaft dwwn to°%.1 bomb

[ ten times this number were projected.

to be only one main entrance tuanel,

7.1 bemb warheads. Wing uait én right.

factory in iren mine below. Right such shalts
were observed, though it was said that about

foz of one of the largest of the 8 shafts

14 £. 7 in, x13 £6, 1 in. olesr). The
purpose of these shafts, apart from ventilatiam
2ay have been for ingress of raw materials and/or
ogress for fabricated parts, since th o appesred
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Photo 1. Panoraza showninz approech road and sscarpmmt. Gun
enplacssment on left.

Photo 2. Main entrance to lows: Photo 3, Main emtrance to
laysl tunnsls. The actual lower level tunnels, showing
entrance seea is bdblocked, but svidaones of hit en cliff
there is anosher :pening on the fase by smll bomb which
right (ses photo Yo.3). threw down one of the heavy

concrate doors (s0e also
Photo lo.2).




- ——

Phese 8, Crater {u.3+ Sub-
sidancse Lo un~or layel tuanols,

Photo 8. Irater No.4. Sub-
sideacso %o uppar lavel tunnols.

Froto 7. 3rutor Uo.4, Jube

siloncs to upper lovil tunbls,

Phioto 8. “relliye 0 ¥.1 beras
in lowsr lavel tunkdals,

N

R



Pauty 124 Closa-up of shal Photo 15. Tuo of the four
comsany reiaforozient toan o acached entranzsy Lo underzround ¥
tat thiek rawnfersed -on: 59 wslls homb stora,

a1 rnol, supzestin: ¢ under-

ground stirace Yank,
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Photo 17. Eatrance outting,
showing consrete rece®iing walls
and tunnel entrance to iroa mine
used by Germans for V.l bomb
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DEPARTMENT OF DEFENSE
DIRECTORATE FOR FREEDOM OF INFORMATION AND SECURITY REVIEW
1155 DEFENSE PENTAGON
WASHINGTON, DC 20301-1155

"275“ 2000
Ref: 98-M-0165/A1

This refers to our letter to you dated October 7, 1999, regarding your appeal to the
Information Security Oversight Office for 14 documents previously requested under
Mandatory Declassification Review procedures. One document (AD346727) was
provided to you by our letter dated November 19, 1999.

The review of 11 British documents you requested is complete and there are no
objections to release. Titles of these documents are contained on the enclosed sheet and a

copy of each is enclosed. We will advise you as soon as the reviews of the remaining
tuwra Aneumente are ramnleted
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